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Serve as catalyst for renewed lunar exploration via education and 
outreach programs 


Project Overview 



Selected to be first SEI mission 

PI teamed with Lockheed and Ames to propose to Discovery 


Science Selection Rational 
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Experiment Durations 
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Periodic orbit maintenance maneuvers 
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Operational Requirements 
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Data archiving plan completed 



Support, Outreach and Education 

Project Overview — 
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Science Instrument Changes 
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Reasons: Simpler and lower cost configuration (3x3 cm 

detectors were not previously available) 
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Power Subsystem Changes (Cont.) 
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radiator and reduces thermal power requirements 
Availability of flight proven battery with required capacity 
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Propulsion Subsystem Changes 

Project Status 


B ~ 
0 w 

- 0 
0 0 
[O 0 

CD ^ 


0 o 

0 O 


0 0 

c c 

CO CO 

■+-> -4-J 

^ 00 


E E 

o o 
00 00 
00 ^ 


§ §■ e 

o 2 D 

^ CL O 

c 

,CD | | 


0 5 
c £ 
o o 

0 _l 


n s 
•^3 0 
0 0 
Q. D) 

II ~ 

O o ® 


i £ 

R £ 

9 3 
CL O 

I I 


Page 37 
ABB 9/6/95 


Propulsion Subsystem Changes (cont.) 
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•* Allows valve assembly of tangential thrusters to be inside 
spacecraft to reduce heater power usage (keeps propellant 
from freezing) 
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• Hubble Space Telescope, First Servicing Mission Program 
Manager, 1990-94. 

• Hubble Space Telescope, Assistant Program Manager 
responsible for subcontracts, government furnished equipment, 
manufacturing and program controls, 1977-1989. 

• Subcontract Program Manager for attitude control hardware for 
large Lockheed proprietary spacecraft study, 1969-1976. 

• Systems integration, subsystem engineering, hardware 
engineering, 1961-1968. 

Honors 

• NASA Distinguished Public Service Medal for outstanding 
management and technical leadership on the first Hubble Space 
Telescope Servicing Mission, 1994 

• NASA Public Service Medal for exceptional technical and 
management contributions to the Hubble Space Telescope, 1991 



Robert W. Goldin 


Position - Space Technology Project Engineer for Lunar Prospector 


Education 

• MSCE, California Institute of Technology 

• BSCE, University of Pennsylvania 


Other Experience 

• Consulting Engineer on LMSC Advance Program Studies, including 
SOFIA, MGS, SIRTF, LRM, and EOS, 1990-1994 

• Space Technology Project Engineer on two major programs: the 
NASA/JPL Seasat Program, from 1976 through 1979, and the Hubble 
Space Telescope, from 1980 through 1990. Responsibilities on both 
programs were to coordinate an d direct the spacecraft design and 
analysis tasks carried out by the primary space technology disciplines 
including structural dynamics, vibro-acoustics, loads analysis, stress 
analysis, mass properties and thermal analyses. 

• Manager and Consulting Engineer for advance system studies on the 
Polaris/Poseidon weapon system, the Agena upper stage/spacecraft, 
and the Space Shuttle. On the Space Shuttle was responsible for 
studies related to the thermal protection system and the recoverable 
solid rocket booster stage, the results from which are incorporated on 
the operational shuttle vehicle. 

• Employed at Bell Aerosystems Company from 1950 through 1 960, 
advancing from assignments as Structural Loads Group Engineer 
through Assistant Chief Engineer. During that time was a responsible 
member of the design/analysis teams on the X-1A, X-2, X-5, and X-14 
research aircraft. 



RALP P. FULLERTON 


Position • SRM ft QA Representative, NASA ft Federal Systems, Lockheed Martin 


Experience: 

1994 to present, Lockheed Martin Missiles ft Space; NASA and Federal Systems SRM&QA 

Directed SRM&QA activities for the ISS FGB Program developing and implementing a Quality Plan, 
establishing customer and International subcontractor interfaces 

• Monitored the SRM&QA activities on the Hubble FSS, ISS PG-1, ISS PG-2, ISS PG-3 and Gravity Probe B 
contracts. 

1992 to 1994, Lockheed Missiles ft Space Company; PAPMR, ISS PG-2 

Responsible for all Product Assurance activity on the Solar Array including delivery of MIR Modules to RSC 
Energia 

Successful completion of CDR and the first subcontractor visits to Russian suppliers. 

Implemented the quality program that successfully delivered the Mir solar array modules to RSC ENERGIA PG- 
04. 

1989 to 1992, Lockheed Missiles ft Space Company; Manager, Electronics Inspection 

Managed activities of 60 employees providing Quality Engineering and Inspection for electronics hardware 
manufactured by SSD. 

1985 to 1989, Lockheed Missiles ft Space Company; Group Engineer, Quality Engineering 
Directed activities of 30 engineers providing Quality Engineering and Material Review services in both 
electronics and structures manufacturing. 

1982 to 1985, Lockheed Austin Division; Group Engineer, Quality Engineering and 
Inspection 

Established Quality organization at LockheedOs new Division in Austin, developing operating procedures, 
staffing the organization, and directing the activities of the quality organization. 

1975 to 1985, Lockheed Missiles ft Space Co.; PAPMR, Various Programs 

• Directed hardware and software activities on SPARCS, PR 212, Navy Tactical Data Systems, and Centaur 
Shroud Programs including establishing software procedures and hardware systems to accommodate the 
various customer requirements. 


Honors 

Pursuit of Excellence, Team of the Month, Developed and Implemented a new concept for inspections role in the 
total life cycle of SSD Products. PIP Award, Instrumental in the successful completion of the ISS Safety Reliability 
and Quality Assurance Audit. Numerous Commendations for superior performance. 



Kim A. Foster 


Position: Assembly, Integration, & Test Manager of Lunar Prospector Program 


Education: 

• MS Engineering Management, University of Santa Clara, 1990 

• BS Electrical Engineering, Oregon State University, 1980 

Other Experience: 

• IRIDIUM® Commercial Program, Assembly, Integration & Test Staff Engineer, 
1994-95 

• NASA Programs New Business, Science Instrument Accommodation and 
Integration & Test Staff Engineer, 1993-94 

• IRIDIUM® Commercial Program, Systems Engineering Staff Engineer, 
1991-93 

• Hubble Space Telescope, Assembly, & Verification Group Engineer, 1 987-91 

• MILSTAR USAF Program, Payload Systems Test Group Engineer, 1 986-87 

• Hubble Space Telescope, Science Instruments Assembly & Verification 
Group Lead, 1 980-86 

• Stevenson Engineering & Manufacturing Co, Control Systems Responsible 
Engineer, 1979-80 


Honors: 

• Productivity Improvement Program Superior performance award and NASA & 
Federal Systems Team of the Month, MUADEE & LP Proposals work, 1994 

• Productivity Improvement Program awards, NASA Proposals, 1993, 1994, 
and 1 995 

• Selected for the following Lockheed leadership and training programs and 
completed associated courses and assignments: Systems Engineering 
Training (SET) Program, Lockheed Exceptional Achiever Development 
(LEAD) Program, Lockheed Supervisory Institute (LSI), and Supervisory 
Training & Educational Program (STEP), 1988-92 

• IRIDIUM® Commercial Program Special Award, Systems Engineering, 1991 

• Hubble Space Telescope Performance Award, Launch & Mission Operations 
Support Team, 1990 



Thomas Chinn 


Position - Lead Designer of Lunar Prospector Program 


Education 

* MS Civil Engineering, University of Washington, 1961 

• BS Civil Engineering, Seattle University, 1958 


Other Experience 

• SSD Center of Excellence, Composite Design Engineer, 1995. 

• Earth Observing System, Composite engineer responsible for the 
design and manufacturing of a composite optical bench for 
development and testing, 1992-95. 

• Manufacturing Project leader responsible for the development of a 
one-piece co-cured modular composite stucture for spacecraft 
application, 1988-92. 

• Manufacturing Engineer, Assist in the research and development of 
composite components for engineering application, 1985-1988 

• MSD System Engineering, Responsible for composite hardwares on 
the C4 Fleet Ballistic Missiles, 1980-88. 

• MSD Stress Analyst, Perform stress analysis on the FBM program, 
1966-1980. 


Honors 

• LMSC Productivity Program President’s Award, for Outstanding 
Achievement in Productivity Innovation Benefitting LMSC, 1991. 

• Winner of 4th quarter Pursuit of Excellence Award, 1990. 



James R. Schirle 


Position - Lead Thermal Engineer for Lunar Prospector 


Education 

• MSME, Santa Clara University, 1 985 

• BSME, San Jose State University, 1979 


Other Experience 

• Group Engineer, Satellite Engineering - Responsible for spacecraft 
thermal design integration, analysis, and testing for the Iridium® Bus 
Program. Additional responsibilities include supervision and technical 
support for LMMS's Commercial Remote Sensing Program and 
Spacecraft Center of Excellence. 1992-1995. 

• Group Engineer, Spacecraft Thermodynamics - Responsible for 
thermal design, analysis, and test support for a spin stabilized 
spacecraft. 1988-1992. 

• Research Specialist, Spacecraft Thermodynamics - Supported new 
business and proposal activities. 1987-1988. 

• Thermodynamics Engineer, Lead thermal engineer on P397 program - 
Provided thermal design and analysis support from concept definition 
through CDR. 1983-1987 

• Thermal Engineer - Provided thermal design, analysis, and test 
support for numerous LEO and GEO spacecraft. 1 979-1987. 



William (Woody) Woodcock 


Position - Electrical Power Lead Engineer 


Education 

• B. S. Physics, Ohio University 

* M. S. Physics, Ohio University 


Other Experience 

• More than twenty years' experience in the design, development and 
analysis of various EPA components, including solar cells, panels, 
and deployable wings, harnesses, cable-wraps, slip rings, power 
electronics, stepper and DC torque motors and gearing systems, 
encoders, drive electronics and sun sensors. 

• Fifteen years' technical responsibility with subcontracts for high-value 
EPS hardware components. 

• Five years' experience as EPS Lead Engineer supporting electronics 
hardware fab, assembly, installation, and check-out and performing 
EPS subsystem performance analysis in support of spacecraft-level 
test and post-delivery operations. 

Honors 


• Co-author of two published papers on Solar Array Technology. 



Gerald A. (Gerry) Grlsmore 


Position - Avionics Subsystem Lead Engineer 


Education 

• MS Engineering, University of Santa Clara, 1971 

• BS Electrical Engineering, U.C. Berkeley, 1961 


Other Experience 

30 + Years - Lockheed Missiles & Space Co. 

• 1992-1994 Command and Data Handling Engineer (EOS Phase B 
Study Program 

• 1988-1992 Command and Control Systems Engineer (Multiple 
Classified Programs) 

• 1981-1988 Systems Requirements Engineer (Image Data 
Exploitation Systems) 

• 1976-1981 Hardware/Software Integration Lead (Major Classified 
Program) 

• 1971-1976 Hardware/Software Test Engineer (Ascent Agena 
Program) 

• 1966-1971 Attitude Control System Engineer (Agena Satellite 
Programs) 

• 1963-1966 System Test and Launch System Engineer (Agena 
Satellite Programs) 



Ronald W. King 

Position - Propulsion Engineer for Lunar Prospector 


Education 

• M. S. Aeronatuics & Astronautics, Massachusetts Institute of 
Technology 

• B. S. Engineering Science, Pennsylvania State University 


Other Experience 

• Twenty-eight years of experience in analysis, design, development, and 
testing of propulsion systems and components. 

• Staff engineer responsible for development of advanced technology for 
spacecraft propulsion systems. 

• Program lead for design and low gravity demonstration of a cryogenic 
propellant tanks. 

• Lead on analysis effort tp redesogm Eirpstar propellant management 
device component that failed during qualification testing. 

• Developed thrust measurement stand for characterization testing of 
MILSTAR 5 lb thrusters. 

• Program lead for development of thrusters to utilize helium boil off from 
space based cryostats. 

• Lead for design of ACRV propulsion subsystem. 

Honors 

• Member of AIAA Liquid Propulsion Technical Committee 

• Licensed Professional Engineer, Meehan ical Engineering, State of 
California 



Richard Jay Lynch 


Education 

Purdue University; West Lafayette, Indiana 
Bachelor of Science in Aeronautical and Astronautical Engineering, May 1990 


Ot her Experience 

• Launch System Integration 

- Created a data base system to track requirements and the associated evidence of completion 

- Analyzed the evidence of completion for each requirement and briefed current status to customer 

- Developed an Interface Requirements Document for the Earth Observing System 

- Participated in software design reviews and system operation tests 

- Interfaced with customers and suppliers to resolve integration action items 

- Tracked and verified Launch System performance 

• Lead interplanetary trajectory design team 

- Presented the team’s trajectory design to the customer 

- Lead work on an ID project to develop new interplanetary trajectory analysis software 

• Developed the application CENTAUR PREDICT for the Macintosh 

- Coordinated with General Dynamics the development of an algorithm to approximate the Centaur 
coast guidance calculation of the Centaur third bum time and duration 

- Created an algorithm that calculates spacecraft attitude at separation from telemetry data 

- Developed a Graphical User Interface (GUI) 


HONORS 

Superior Performance Award 

Productivity Improvement Program Express Awards 

American Institute of Aeronautics and Astronautics 



Thomas L. (Tim) Bridges 

Position - LMMS Responsible Engineer for Lunar Prospector Ground System 


Education 

• BSEE, BS Math, 22 credits Post-grad toward MSEE 


Other Experience 

• 1 6 years at NASA ARC on Pioneer Project 

Responsible for Mission Operations and Ground Data Systems 

• ASFOD on Pioneers 6, 7, & 8 and SFOD on 9 & E (bad 2nd stage) 

• Ground Data System Manager for Pioneers 10, 1 1 , 12, & 13 (Jupiter & 
Venus), and for the ARC portion of IRAS. 

• Over 10 years at LMSC: Respon sible for computers and data 
systems on HST and classified programs. 


Honors 


NASA Exceptional Service Medal for outstanding leadership and 
contributions to the planning, designing, development, and testing of 
the Ground Data System used successftilly in the tracking, data 
acquisition, and command for the Pioneer Venus Multiprobe and 
Orbiters Missions; also received numerous Group Achievement 
Awards and SSPs. 
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Cost account manager responsible for support to manufacturing - 
direction, redline drawings, failure analysis/corrective action. 
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three month contingency 
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Random Vibration 
Design/Test Environments 



K 

ce 

* 


S 


a 

U4 

Ul 

% 

X 

u 

0 


.c 

c 

Q3 

CD 

c 

63 

c: 

LU 

S 

Q) 

c f) 




cu . 

“ N o 
£ = " 


5 c 



cn 

u 

cn 


u 

00 

2 


a 

02 


09 

|| 

O 


a: 


c 

o 

p 

2 

z 

•• 

Cd 

Cd 


> 

o 


Cd 

Cd 

ar 



i 

-J 


w 

H 

a 

< 


« 

02 


cu 

Ed 


a 

> 



O 


cn 

01 


01 


O) 

d 

z 

ai d 
cn > 
<n S 
X z 



1/3-OCTAVE RANI) CENTER FREQ.. IIZ 



I 


Page No: 10 
RWG: 9/1/95 



Launch & Ascent 


u 

< rA 




— 



, 

— * 

, 

— * 

. , 

G 



CO 















UJ 

>■ 

+1 

-H 

+i 

+1 

4*1 

H 

-H 

-hi 

-hi 

-hi 

-hi 



X 

X 













< 

u 












C 


> 

< 












LLJ 

£ 


X 

0£ 

ON 


rs 

a\ 

O 

S\ 

n 


C 

ro 

c\ 

LU 

LU 


Lm 

L 

CJ 

•*! 



co 

ro 

CN 

— 

<-o 

rvj 

(N 

— 

co 

o 


< 

u 












x 


01 

< 

+1 

+1 

+1 

+l 

+1 

-hi 

+1 

4-1 

-hi 

-hi 

4-1 

LU 

d 

U 

£ 











u 

LU 

2 












o 

z 

fr 

cj 

Lm 


< « 
X 
< 


CN 

cO 


co 


r- 



o* 


CO 

CQ 

V 

CO 

co 

— 


— 



co 

co 

vo 


w 

H 

CJ 

Z 

-h 

ro 

-hi 

2.6 

-hi 

ri 

x 

ro 

4-1 

d 

-h 


X 

V.C 

O 

z 

UJ 

U 

> 


G 

oi 


G 

(N 


— 

r-i 


<N 


ri 

LU 

< 

2 


LU 

z z 
o < 
Z z 


0 

n Z 

1 2 

^ < 

LU 2^ 


Oi § 

.s E 


a -j 

LU ^ 

O 9S 

< P 

c— r- 

co O 

H 2 

V5 rjj 

* o 

u- < 

0 

§ 5 

< = 


o - 

H X 

O < 

2 2 

tu lu 

t- a c 

co < < 

Z H r- 

j cn y) 

n H r- 

=5 CO CO 

£: cd o' 

^ Ei 


z o 
2 2 


vj CJ 

< < 

CO CO 

Q Q 
Z Z 

c o 

CJ CJ 


^ 2 
< z 3 

s Q I 

■U f - \A 

2 z 3 

h 2 S 

CO — , 

Q <N <N 

Z CO CO 


LU ^ ^ 

CO O O 






Page No: 12 
RWG: 9/1/95 




0) 

0) 

• mmmm 

■e 

<D 

Q. 

O 

□I 



to 

■w 

u 

cn 

■c 

o 



=3 

O 

■Q 

o 

o 




Oj 

.c 

c 

qj 

<u 

c 

6j 

c 

LU 


5 

0) 

v> 



Page No: 13 
HWG: 9/1/95 





K 

* 

s 

a 

m 

Ul 

S 

* 

u 

a 


o 
c 
0 
0 ) 0 ) 
“O C 


c n 

-4— ' 

0 


CD 


c 

o 


0 O 

0 r- 


> 
o 
z 
111 
o o 
* z 

cn £ 

<° 

2 ° 

X 


> 

o 

z 

UJ 

o 


o 

o 

> 
o 
_ z 

O UJ 

2 a 

^z 

CO i= 

<2 z 
< o 

2 O 


.? 

P 

05 

05 

.c 

£ 

UJ 

E 

0) 

^ 2 

CO UJ 




I 


cn 

> 

cn 

GQ 

3 

cn 


CO 

CD 

cn 


CO CD cn CO 
ocoon 
cn lo — cri 

CM r- CO O’ 


CO 

CM 

CM 


*v0 

0 s 

in 

CM 

0 


5? 

ID 

CM 

0 


> -9 

0 s 0 s 0 s > 

O O O . LO 
OJ^CSJ o 

0 0 

vO ^0 

in O 

CM 


5^ 

O 


O 

00 

oo 


o- uo o cn ^ co 

CM P CM ^ CM 

in co co co v 

CM 1- CM CO 1 CM 


O 

x 


O z 
o O 
-! cn 

< —i 

2 3 _ 
cn cl x 
uj O Q 
x cc 

F CL O 


X 

UJ 

$ 

o 

0. 


< 

g 

x 

H— 

O 

UJ 


CO 

2 

O 

O 

x 

CO 

CO 

UJ 

—I 

UJ 

X 

3 


UJ 

X 


Q 

< 

o 


CO 


> 

< 

CL Z 
c0 UJ 


UJ 

o 


o 

3 
X 
h* 
LU CO 


3 

X 

3 S 
< ? 
CO uj 

CO o 

31 

O o 

X CO 


o 


in 

in 

o 


o 



CO 

o 

CO 

p 

co 

CM 

co 

I s - 

o 

o 

CO 

cb 

o 

o; 

O 

O 

co 

r* 

in 

CO 

T— 

CO 

o 

CO 

o 

CO 

o- 

<D 

CD 

o 

CM 


0 s 

IT) 


CO 

LO I s - 

oi 

CO CO 


> 

H 

a 

2 

LU 

CO 

CO 

< 


CO 

< 


o 

in 

cb 


< 

cn 


a 

UJ 

o 

z 

< 

-J 

< 

CQ 


LU 

CO 

CO 

< 


in 

CM 

cb 

co 


in 

co 

CM 


< 

X 

3 

CO 

CO 

LU 

X 

X 

00 


UJ 

X 

O 

X 

X 


X 

o 

z 

3 

< 


< 

CO 

CO 

< 

s 

H 

X 

< 

X 

o 

X 

o 

< 

X 

CO 


o 

o 

d 

co 


o 

co o 

cb ^ 
rr cn 
CD 


o 

o 

d 

CM 


> 

CO 

CO 

< 

x a 

x uj 


X 

< 

a 

< 

r-. 

CO 

X 

£ 

CO 

X 


a 

< 

o 


X 

I s - 

CO 

X 

£ 

CO 


£z 

wQ 

co t— 

< o 
tr lu 

UJ CO 

2 = 

p UJ 

tea 

bC X 
o LU 

I? 

Z Q 
X < 
<0 I s - 
- CO 

GC 

< ff 

UJ co 

< -J 

CO -I 


cm 

CO 


in 

TT 

oi 

CD 

CM 


X 

o 

z 

3 

< 

—I 

H 

< 

CO 

CO 

< 


LU 

H 

CO 

> 

co 


2 m 
92 
o r: 
Z CD 

<0 d 

(TJ S 
CL X 


> 

X 

< 

2 

2 

3 

CO 

CO 

X 


Q 

LU 

Q 

3 

— J 

O 


o 

m 


Z 

O 

H 

O 

LU 

CO 

X 

UJ 


X 

UJ 

H- 

X 

< 

Q 

< 

I s - 

CO 

X 

£ 

CO 

> 



SmallSat Finite Element Model 



In Vehicle Assembly Critical Path 




ELECTRICAL POWER BUDGET 



Page 8 
WW 9/6/95 















































Quality Assurance 
Requirements Audit 




E C ' 

C/3 O Q. 
> ^ (D 

3 

CO 


0 

c 

o 


oa 0 _ 

5 c 2 

I J Q. 

t /3 Q. o 

Wo? 

C « CO 


0 

c 

0) 

E 

0 

L. 

*3 

O" 

0 


03 


g £ 

O 0 

SI 

•= O) 

>1 

c -Q 

O) 0 

8 « 

■0 0 

o 

■0 0 
c a 
0 0 

< LLJ 

a o 


0 

> 

0 

TJ 

g CO 
c 0 
0 o 

-*— » *rr 

(0 -5 

W E 
0 Q_ 
« C 


0 


0 


Q- c 

0 C 




CD 

_c 

0 

0 

c 

CD 

c 

LU 

E 

0 

0 

>s 

CO 


o 

_Q 

> 

-Q 


C 

0 

■Q 

C 

0 

a. 

0 

"O 

c 

3 

O 

~o 

0 


0 

O 

c 

0 


‘3 3 

0 0 
° < 
•S 2 >, 

^ 0 
3 3 

0 o 

•2 -a 
c 
0 


I — 


CD 

"o 

c 

LU 

0 

4 —* 

0 

u. 

0 

a 

0 . 

-Q 

a 

"O 0 

2 o 

o Ql 

0 2 

v. 

■° § 

S E 

0 0 
i— r- 
0 += 

i2 -Q 
'~o w 

0 9 

£ i 

O 0 
-Q 

■ 4 —* 
M— “ — 

O £ 
0 0 ~ 

11 

0 0 

CE 2 


T 3 

0 

0 

0 

_0 

0 

u_ 

0 

_Q 


0 

O 

0 

Q_ 

0 

•0 

0 

o 

^0 

0 

0 


Q. 

3 

C 

0 

_0 

a 

> 


o 

0 

M— 

« 

0 

0 

C 

o 

Q. 

Z) 




o 

Z 


01 


0 O 

CD > 
03 S 

a. x 


This task is scheduled for completion by 30 September 




03 

03 

.C 





c 

0 


c 

0 

E 

<D 

03 

03 

c 

03 


E 

03 

03 

o 


0 

£ 

in 

c 

'0 

c 

*03 

E 

■O 

c 

03 

•% 

in 

_0 

_Q 

E 

CD 

0 

C/3 

< 


I I 

§ § 
8 £ 
~o 3 
C 0 
03 ^ 
- CD 

0 Q- 

~ Q_ 

1 o 

O M “ 

o in 

o 03 

in .2 

<5 CD 

E 5 

2 C/3 

'll 

£ CD 

w o 
c 

.2 o 

o Q - 

.2 0 


c 

o 


<D 


O 

0 


O 

> C 

C CD — 

03 2 CD 
CO Q 


C/3 _ 
0 03 

"O 


0 

E 

u. 

o 


CD ._ 

Q- U 


CL 

2 r 

CL O 
0 

in -r 

S O 

0 t 5 


E 0 


E 

o 

H — 
1 — 

0 

Q_ 

_0 

3 

"O 

0 

sz 

o 

in 

~G 
c 
0 
■*— ' 
0 
o 
o 

03 

c 


c 

o 

E 


0 

03 

0 

C 

0 


O 

0 

‘o 

v— 

Q_ 

0 

JZ 
-*— • 

0 

■g 

< 


0 -H- 

0 0 

■»- o 

-O « 

m 73 

CO 


E 

0 


C _ 
— 0 O) 
0^0 
<J >* 

■— ^ Q_ 

r co 

g 8.1 

«S '3 

S 5 = ' 3 

o .2 

o 
c 


0 

0 


O’ 

O 

0 


O 

0 

I- 


- 0 


0 


0 


™ -S <*> 

0 "it 
o o d) 

0 c o 
Q. = 5 
<A. CO 

i -0 

•S-.g'S 

i 2 f 1 c 

0 m 0 

03 (0 


® O 

— c 
— ~ o 

O -^z 

-J= 0 

O S 
O CL 
7, 0 

8 * 

E ® 
0 -£ 
03 

0 ^ 
0 CO 
E c - 
c o 

•£'15 

0 C 

a'E 

. 2 > 0 

§ 2 

8 ~o 



_Q 

O 0 

CJ 

C 


0 

$ 

0 


0 

0 
<o c 

*% 

i— 

O 

H— 


0 

0 

i— 

4-T 0 

i- > 

0 

0 

• 

3 

o ‘zz 

"O 

0 

_Q 

Q. O 

*> 

O 

0 

Q_ 0 

o 

c 


3 4= 

i— 

0 

Q 

0 0 

CL 


• 


• 


6 $ 
Z CD 

0 O 

03> 

0 S 


Q. X 


special planning documentation. 




LOCKHEED MARTIN MSS1LES & SPACE CO 
SPACE SYSTEMS DIVISION 
SUNNYVALE, CA 94089- 3504 





Technical Design Review 
September 6, 1 995 




ce 

k 

S 

Q 

m 

HI 

* 

* 

o 

o 


0 

■o 

c 

© 

O) 

< 


c; 

o 

■ 4*^1 

O 

■§ 

P 



o in 

o 

m » • a 

00 00 


o 

00 
• • 

00 


c 

'•c 

CO 


0 

0 

■O 

c 

3 

03 

CO 


CO 


0 

T3 

c 

bo 


co 


c 

o 

'-t— > 

o 


c 

0 

E 

0 

O) 

0 

C 

0 


T3 

8 c 

C -2 
;= 0 
0 .52 

E 2 

o © 

_© 0 

> E 

§ < 

• ■ 
t- CM 


0 

•4 — • 

0 | 
0 E 
}E 0 

j 5 '5 

0 ©* 
c © 
O DC 

Q. ^ 
0 0 
DC £ 

oa 0 

^ O 

o 


cr 

0 

o 


E 

0 


C 

o 


o> o 

O- 0 
m- il 0 

O CL Q 


00 


o o 
o o 


> 

■c 

- 5 

-§# 
.E o 
CD Q 
• ■ 
< H 


0 

0 


CL *- 


•c CQ 


" c 

0 © 

«§ 
o g> 
•— » cz 
2 0 
cl ^ 


m 


o 

c 

3 


o o o 

o o o 

• ■ • • • • 

T- CM Ti- 


0 0 £ 
~o ~o ~ 
c c £ 

ia in co 
< < ^ 


0 

0 

> 


0 


O 

0 c 

S' 0 0 

OcE 

0 <D 

if 

0 © 


©a 


_0 

0 

o 


W/ ^ 

C DC 


0 


0 £ 

0 0 c- 

O O C 
C C 0 

.© .© to 
o o >. 
CO CO CO 


CD h*- 00 


in 
^ co 

»s 
0 < 
CL H 


Technical Design Review 
September 7, 1 995 

Agenda 





O) 
c n <D 

E c 

C/D J>» 

> _Q 
CO c 

_Q c 
3 0 

C n to 
W *' 0) 

€ < 

2 co 
o c 

0 E 

O CU 

- f-J ^ 

55 CO CO 
Q. >* 0 
CO 00 I— 


. o 

CO i- 


o o o o o o o 

o o cm co in i- co 

• • * • • ■ » • i * • i • • 

t - CM CM CM CM CO CO 


tr 

CO 

$ 

0 

CO 


^ >» > 

$ c -e -e 

0 . 0.00 

"I l? | I f 3 3 

>1 ‘C •= 3 .E o O 

J CD CD LL CD O Q 

DC h < QC < h h 


r £ 

J o 


c 

0 

£ & 

0 CO 

O) o 

0 O 


.2 < 3 0 E 

sops 

as a » 2 

O CO O CC 0. 


in « 't in <o s 


18. Closing Remarks A. Binder 4:00 




Subsystems 



Page 26 
TAD 9/6/95 


Subsystem Format 





Page 27 
TAD 9/6/95 


Structures & Mechanisms 



m 


2 ? 



(0 

E 


(0 


c 

(0 



o 

0 





T. Chinn 


STRUCTURES FUNCTION 

Structures & Mechanisms 




CO 


0 

c 

CO 

Q. 

_co 

o 

0 


0 c 

1 .2 

•— "m 

C J= 

co 55 

© s* 

03 

5 CO 

I? 

03 CO 
*C0 £ 

E w 
® 9 

X £ 

® c 

5 ® 

® | 
o 2 
. . -•— » 

03 -2 

§ 75 

2 w = 
£_ 

O <D 

il 

5 ^ o- 

C/5 <X> 


0 

O 

0 

'tl 

13 

03 

03 


C 

3 

0 

E o 
co 0 

0 § 

If 

Q. 03 

— 0 

1 2 

2 -Q 

3 E 
o — 

2 -D 

0 s 


c 

0 

0 

Q. 

O 


^ O 


0 

o 

0 

t: 

3 

0 

03 

.E £ 

■ti w 

§ 2 
o E 

E £ 
0 0 
0 E 
.12 E 

> V- 

2 

Q. T3 
— C 

5 ^ 

0 0 
%mm £| 

3 «« 

O 


0 

| C 

•E E 

2 E 


Q. M- 


0 


O 


0 

O 

0 

0 


C • m 


4 = <2 
0 E 

co E To - 2 - 

E ct 
0 0 

C 

•== w 

® c _ 

I— 0 £ ^ 0 h“iS 1—0 0 h”.E 


£ « e 
e ffi 

q .3 ^ 

o 


0 3 


O 


^ 0 


0 0 

* § 

0 0 

0 C 


O •= 

0 >i 

O CT 

t S w 

^ 0 .2 

0 -Q c 

■002 

Ml 

1 c 

® si 
f •§ s 
§ 

I 1 ! 

i E 2 

-£2 -g -S 

a= •§ c 

^ 1 R 

0 Q. 0 
C = CO 

0 £ -p 

p +- - 

R- 8 

•5 £ c 
0-0 0 
o « C 
o tt 
0 »- o 
3 0 


0 

E 

>% 

o 

Q. 

0 

T3 


0 

■c 

o 

Q_ 

CL 

3 

0 

0 

■g 

> 

o 

Q. 

0 

4-* 

0 

0 

E 


c 

0 

£ C/3 

5 = 0 

£ E 


0 4= 
0 
c 


CM 


Page 
TC 9/6/95 





N 

I 


< 

oc 

LU 

H 


cvj 


CO 

c 

o 

“6 
c 
o 
o 

O) 

c 

io 

OB 

° _ d) 


co 

» 

c o 
co 

e 

o 

-Q 

CO 

>% 

o 

CL 

CD 

"O 


CO 

c 

O) O 
"D 


C/D 

o 

£ 


CM 

CO 


c 

o 

E 


CO 
C/D 

CD ^ CD 


TD 

C 

3 


CO 


CO 

CO 


T - C C 

* CD CD 

7 E E 

A 3 3 


O 

CO 


CO CO 

c c 


O 

c 

CD 

,g> 

c 

o 

o 

+ 

CO 

CO 

CO 


OD 

-X 


CD OD 

O O 

C C 

O OD OD 

CO O O 

CO CO CO 


E 

ITD 
Cvj O 
CO ^2 

£ V 

O) co 
C CO 
CD CO 

Z E 

CO ^ 
CO ^ 

2 Q 


c 

CD 

E 

> 

o 

CL 

CD 

"D 

O) 

c 

*3 

cr 

CD 

£ co 

E 

© •== 

*«— » (0 

co * 


>> 

CO 

-D 

3 

CO 


XD 

CD 

N 

!5 

co 
■«— * 
co 

c 

‘cl 

C/D 


CD 

.Q 

E 

3 

C 

E 

3 

E 

c 


N 

X 


< 

X 

< 


c 

o 

o 

> 

o 

c 

CD 

3 

cr 

CD 

CD 

CO 

CO 

-O 

“O 

OD 

X 


CD 

LU 

CO 

CO 

< 


CO 

X 

< 

1“ 

CO 

£ 

CO 


O 

co 


o 

v 


O 8 
CO 
A 


CO 

fe 

§ 


CD _ 
CD CD 


O 

CO 

Q. 

CO 


CO 

X 

CO 

> 

c 

CO 

o 

CO 

.9? 

Q_ 

CL 

< 


CL 

O 


co 


Page 
TC 9/6/95 


REQUIREMENTS 





SPACECRAFT DESPIN 2 - 5 ±0.1 ±0.1 -1.0 ±0.5 

BOOM DEPLOYMENT 3 - 5 ±0.1 ±0.2 - ±0.5 

SPACECRAFT SPN-UP 4 - 5 ±0.1 ±0.1 +0.2 ±0.5 

ON-ORBIT OPERATIONS 5 - 6 - 7 ± 0.2 ± 0.2 ± 0.2 ± 0.5 


1 . LOAD FACTORS AND ANGULAR ACCELERATIONS ACT SIMULTANEOUSLY WITH A 
6.28 RAD/SEC ROLL ANGULAR VELOCITY. 

2. LOAD FACTORS AND ANGULAR ACCELERATIONS ACT SIMULTANEOUSLY WfTH A 
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Failure 

Mode 

Buckling 
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Web 

Crippling 

Flange 

Bending 

Margin of 
Safety 

+0.25 

+0.67(1) 

+0.67(1) 
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Design 

Criteria 

Reference 

Table 
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Tables 
3.2.1 -1 and 
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3. 2. 2-2 

Figure 

3.4-1 

Figure 

3.4-1 
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Ignition / 
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Installation 
Load Factors 
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Installation 
Load Factors 

Load 

Description 

Ascent Loads 
on Spacecraft 
and TLI Stage 

Overall Loads 
on Spacecraft 

Overall Loads 
on Spacecraft 

Ascent Loads 
on Tanks 

Ascent Loads 
on Sensor 

! Notes 

Ult. Section Loads at Top 
of Adapter: 

Axial = 54,050 b. 

Shear = 20,470 fo. 
Moment = 722,400 in-lb. 

Ult. Section Loads at Top 
of Adapter 
Axial = 15,580 b. 

Shear =5,040 lb. 
Moment = 125,900 in-lb. 

Ult Fitting Loads: 
Axial =8800 b. 
Shear= 16801b. 

Internal Support Struts 

Gamma Ray Spectrometer 
is critical case (smallest 
interface footprint) 

Component 

Adapter at 
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Launch 
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(1) Margins of Safety for Separation Bolts and Fittings, and the Spacecraft/TLI Adapter, 
were calculated against Small Sat design loads. 

(2) The Small Sat Booster Adapter was used for this analysis. Other, potentially more 
efficient designs are under study and are not covered here. 
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SST Interface Diagram 
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Spacecraft Thermal Balance Test 



A 



- Solar array drum (or simulator) 

- Approximately 200 test themocouples and/or calorimeters 

- IR lamps and heaters as required 
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Electrical Power 



Wm. Woodcock 



EPS FUNCTIONS 
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KEY EPS REQUIREMENTS 
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EPS COMPONENT LOCATION 
ON LP SPACECRAFT 
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TOTAL EPS POWER REQUIREMENT 
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EPS COMPONENT MASSES 
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EPS EQUIPMENT LIST 
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PCA SCHEMATIC 
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HERITAGE PCA 
BLOCK DIAGRAM 



SOLAR ARRAY AND BATTERIES NOT PART OF PCA 
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BATTERY CHARGE 
CONTROLLER 
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Reduce baseplate and add covers (TBR) to augment the 
PCA’s partial enclosure ? 



PCA COMMAND LIST 
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SOLAR ARRAY TRADE STATUS 
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LP BASELINE SILICON CELL 




NO RE-QUAL RECOMMENDED 



BETA INFLUENCE 
ON SOLAR ARRAY 



AT SUBSOLAR POINT 
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SILICON CELL PERFORMANCE 
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RADIATION ENVIRONMENT 
ASSUMPTIONS 
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SOLAR ARRAY SIZING 
for SILICON 
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PACKING FACTOR ASSUMPTIONS 







SOLAR PANEL MASS 
206 W / SILICON 
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SOLAR PANEL STRUCTURE 



SPACECRAFT SIDE (INSIDE) 




ALTERNATE CELL 
(GaAs/Ge) 
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SOLAR ARRAY SIZING 
for GaAs/Ge 
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SOLAR PANEL MASS 
206 W / GaAs/Ge 
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Two redundant, twisted, shielded pairs of AWG #24 







ww 9/6/95 





















p 

.t- c 
c o 
3 a 

§ i 

> o 
p ^ 


x: o 
o>^ 

zz o 

CO >* 


5 p 


< 2 T 

5 • a 


rn c W 
? 0 £ 


> o 
£ o 
Js O 
= 

Erf 


« a 

0) CO 




?= 3. 
<0 w 
o - 
^ co 

■— p 

§H 

0 s p 

? 3 

°s 

2 I 

o o 
CO o 

g £ 

>* i o 

Ell 

< < 0 . 


c « 

^ £ « 

“• <0 

w 2 2? 

5 § « 
w = ® 

sf £ 

0)0 <A 

£ o o 

CO «5 O 
P P CO 
*- c 

— O) 

52 c 

p« 

5" S 

|S| 

0. (A "0 


i 2 

I 3 

6 « 

« >* 


a at 
o c 
?! 

•= <0 
Q m 

3 ® < 

*58 

ll- 

P CO 

!§§ 
^ CO ~ 
b m 

=i= 

« a> £ 
o o _ 

>*-o 1 
« <2 ® 
CcT 
«j £ r 

>p j > 

w 

p • • 

e 

(0 

CO 


Page 45 
ww 9/6/95 


EPS SUBSYSTEM 
MASTER” SCHEDULE 



Page 46 
ww 9/6/95 





















EPS “MASTER” SCHEDULE 



</A 

LU 

CC 

g 

LU 


E 

0 

hm 

O) 

o 


© 

-C 


0 

c 

(0 

a 

(0 

H 

00 


TJ 

C 

(0 

>* 

i| 

si 

• o 
M W 
C _ 

as 


(0 


■o 

© 

c 

-6 

2 

2 


C0 

c 

o 

CO 

o 

o 

a 

CO 

-a 

c 

CO 

0 

c 

a 

3 

A 


a 


3 

</» 


0 
CO 

(0 3 
+* 

If 

< * 

O Jr 

0- 5 


CO 

0 

3 w 

S| 

<5 ® 

1 € 

c 2 
<5 & 

<3 8 
® <0 
o a 

a w 

n 

© 3 

ii 

•8 ® 

Is 
® _ 
5|> 

■O 3 
to ■o 

® _ 
±Z T3 

a ® 

c© i 

« f 

w © 

<n co 

® 3 

© * 

ii 
<0 — 
0 5 

2 $ 


0 

0 

3 

E 


0 

< 


0 

o 

w 

0 

o 

CO 

■» 

0 


0 

a. 


o 

0 


0 

w d) 

uSc< 
o o a O 
</> 03 (L 

.*® * • • 

0. 

u. 

DC 


3 

O 

o 

3 

« 

£ 

< 

6 

o 

Q 

0 


a 

£ 

»_ 

o 

c 

a 

co 

C 

§ 


■= o > 

® is *s 

c tS o 


o 

a 


o 

E 

S 

3 

O 

o 


r- 

0 

0 

3 

0 

0 


0 

3 

6 

*o 

0 


•• 0 
0 “■ 


0 

ii >> 

c * r 

TJ 
0 
0 


0 o S 
4 ® 


e 

® 

E 

o 


5 % 

® w w 

£ I ® 

W 4 ) £ c 
J 5 V « c 
O tl ® o 
(/) n uj o 


o 

k_ 

a. 


>■ 

Ui 

* 


parts: No complex work-arounds required 



Page 48 
ww 9/6/95 



HST MICRO-METEOROID MODEL 
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Tank Configuration Trades 
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Tank Configuration Trades 
Mass Comparison 
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Key Requirements and Objectives 
Trans-Lunar Cruise Phase 
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- Re-orient to mapping attitude 
Provide Engineering and Normal Telemetry 
- Support Attitude Determination and Control 
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Lunar Prospector Spacecraft 
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Lunar Prospector Orbital Geometry 
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Sun Sensor Head Field of View 



.8 

c 

O 


im 


K/ 

9* 


./ \ 


o 

CO 



o 

cn 

IT) 


O 

o a 
o p 
2 £ 


GG 8/30/95 



SSA Configuration 
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Canted SSH Configuration 
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Limb Crossing Sweeps 
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Limb Crossing Sensor Detection 
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Nutation Damper Geometry 
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Functional testing demonstrates overall system performance 

Environmental testing verifies performance capability 

System operation time accumulated to assure equipment reliability 
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Investigations use experience gained from 
Global Geospace Science (GGS) Program 
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- magnitude of the additional reduction has not been analyzed 

Delay between STAR37 burnout and separation must be at least 240 seconds 
(TBR) to prevent recontact due to chuffing 


Recommendations to Reduce 
Nutation Divergence 


0 

N c 


C 0 
'£ ■§ 

£| 

co p 

O f. 

s | 

C C 
O) 0 

- - 4 — » 

0) '4= 

0 — 
"O 0 


Cl 
q co 


-Q O 

6 ^ 

5£ 


CsJ 

u c\i 


0 0 
O) -•— > 
C 3 
0 O 
»- +- 
0 0 

3 Q- 

CO 3 

2 3 

Q. Q. 
O) 2 

E ^ 
‘0 -8 
0 g 

Q- 3 
O CQ 


c c 

0 0)0 

0 C += 

£ 5E B 

0 =3 =3 

* -5 = 

0 o II 

CO -f- 

3 O C 

0 E £3 

-Q _* CO 

2 « § 


O) 

_ 

CO 
co Q_ 

lo l: 
co ■§ 

$ c 
0 0 
2 > 


3 

C C 
0 O 

> * 
o 2 
0 0 
_ CL 


c -o 

0 s 

E ^ 

0 o 

g-3 

1 E 


^ W 

ST o> 
0 *- 
*- 0 

>* - 
0 ~o 


i .1 

.i 5 

C 0 0 

E o -2 
c c 0 

■o 3 0 

§ |s 

Silo 

??« 

o n) o) 

cvj CO J5 


c 

£ ° 
.2 :-e 

co c 
W O) 

E ‘I 


0 E 

w c 

0 -g 

0 ^ 

.1 TJ 

£ i 

0 CL 

■o ? 
2 .E 
'5 Q - 

0 E 


— 0 
P -Q 


I I 


-*• Jet damping controls nutation during kick motor burn 

- After separation Lunar Prospector is a major-axis spinner; active nutation 
control is unnecessary 
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Pulsewidth grows with nutation amplitude up to maximum (one half 
nutation period) 

Threshold sets the nutation level to be maintained 
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Accelerometer Characteristics 
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~ y and z axis placement tolerance needs to be established 
Orientation: parallel to the +z axis within 0.1° 
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Spin Precession Maneuvers and 
Error Sources 
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90 degree precession to cruise attitude (stowed configuration) 
1 80 degree precession at six months (deployed configuration) 



Spin Precession Maneuver Errors 
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MGA requires +5.0° pointing accuracy. Need additional work to reduce pointing 
error, or need to increase range of MGA. 




Mass Properties Issues 


t 


* 


* 

* 

X 

Q 

m 

m 

* 

* 

w 

o 


.55 

& 

to 

c 

CO 

o 


/ 



0 

■*—> 

E 

o 


c 

o 

4-* 

2 

CO 

CL 

0 

0 

i— 

0 

0 

& 

0 

i_ 

O 

0 

O 

0 

Q. 

0 

0 


O 

S.* 
0 := 
TD -Q 
0 0 


0 


0 .iii 


0 

■c 


0 0 0 

“Sc 

r* O 

■— M— 

o 
0 


CO 

CD 

CD 


0 

o 

c 

0 


0 0 
0.05 
X ~ 

u 0 


c 

o 


| is 
| 2 c 

3 2® 

O' 13 E 

0 0 o 
c E 

O 0 c 
0-2-0 
0 O 0 

tr o > 

0 C Jr 

C C Q 
— 

c o 
< 15 


0 
0 
"O r- 
0 § 

5 o 

.2 

2 i 

<2 o 

0 O 
® <0 

« o 

0 ’)= 
JD § 

.2 -o 
0 g 

i- 0 
0 i_T 

t ^ 

0 o 

•= Q. 
~n x 
c LU 

£ 0 
E o 

E E 
o 0 
o c 

0 >n 

cr a 


0 

_c 

4— • 

E 

o 

u_ 

c 
o 
"■*— * 

2 

0 

Q. 

0 

0 

i_ 

0 

0 

0 

t_ 

O 

0 

O 

0 

Q. 

0 

0 

-C 


o 

LO 


C 

0 


0 

0 

0 

0 

-Q 

_0 

O) 

0 


0 

C 

o 

o 

0 

0 


o 

0. 

0 

CL 

o 


0 

0 

0 

E 

m 

o> 


£ 

■o 


<{! 
$ 8 ® 
C < -C 

(o (5 ^ 


<5 £ 

E 3 

0 0 
i- C 

*5 a> 

cr o 
0 is 

0 


0 

■D 0 O 
C O) O) 
0 C O 

E 2 < 

g< * 


8g 

0 ^ 


•2 | I 


® o 
c £ 

S 0 

0 > 

0 r- 

S o 

o C 
o 3 

< .2 


o 

0 

o 

D 

■o 

o 


-Q 

0 

> 


CM 

O) 
c 

- C 0 
< 0 3 

CD £ c 
2 0 0 
H_ 0 P 

O O g 

0 0 -- 
03*0 2- 

C 3 C 
0 ~ © 
c 

° 03 © 

2 0 Z 

Tl ^ -H 


O o 

■O »- 
0 0 
0 "O 
0 £ 
co -S- 


>N 

H— 

0 

0 

0 


I I 


in 

g> 

1 — 

CO 

CO 

CO 

LU 

CD 


OJ 

E 

■ 

03 

CD 

03 


V 

O .. 

CL E 


o 

4— » 

o 

E 

o 

o 

*o 

0 

O 

0 

ts 

< 


CM 

« £ 

■ 

O) 
' -X 
03 


00 


CM 

03 


O O 

o v 

V O 

O CL 

0- . . 
■O 

-b £ 
0 S' 

o ° 


CO 


Q. 

0 

Q 


0 

0 


t t 





>* 

o 

c 

0 

3 

cr 

0 

>-*— 

c 

'cl 

0 

0 

0 


0 — 
X 0 
0 0 
~o 



c 


0 


f~ 


4— » 


La 


0 

>> 


0 

0 

c 

0 

0 

3 

u_ 

O) 

cr 

0 

^0 

0^ 

O 


ID 

c 


'cl 

0 

V 

0 

0 

0 

0 

•*—> 

0 

0 

C 

0 

0 

_Q 

>* 

O 

0 

0 

C 

O 

0 

C 

3 

0 

C 

3 , 

0 

O" 

M— 

2 

X 

H— 

0 

X 


0 - 


0 

L. 

0 


O 

> £ 

0 0 
C 5= 


£ 

o 

o 

_Q 


0 

0 

O 

c 

0 

3 

O’ 

0 

u_ 

H— 

X 

0 

**— 

E 

o 

o 

CD 


0 

E 

0 

•*—> 

0 

3 


"D 

0 

0 


£ 

o 

o 

-Q 

Q_ 

E 

3 

Q. 

P 

3 

O 

O 


O) 

c 


3 

O 

o 


-X 
0 
a u 

0 
N 

1 I 

+- C 

c E 

0 r 

E -2 

E > 

o 

3 C 
cr 0 
0 3 
*- cr 
0 0 

■D l+ “ 
0 C 

® Q. 
Z 0 


0 

+-» 

C 
0 

E 

0 
u_ 

'3 
cr 
0 

If 

0 +5 
0 0 

h- »- 

0 c 

£ Q. 

0 w 

0 -T 

0 I 
.2 fr 

? 0 

.E CD 

0 A 
-M 

« H 
>% 0 = 
0 3 0 

C C TD 
0 0 O 

£ 

& I 

c 0 

E _Q 

O ■— 

0 
3 
0 
0 


O 

-Q 


_0 

-Q 

0 

0 

> 

< 


c 
0 
-4— » 

O 

c 


I I I 


0 

0 

tr 

0 

o. 

o 

Q_ 

0 

0 

0 

E 

E 

o 

o 

CD 


0 

■c 

0 

c 


■D 

0 

C 


g E 
o S 


0 

c 

0 

£ 

o 

E 

it; 

S 

o 

0 

o 

0 

Q_ 

0 


C 

0 

O 

CL 

E 

o 

o 


0 

■O 

0 

-Q 

_>» 

c 

o 

c 

0 

o 

0 

E 

o 

o 

-Q 

■o 

0 

>» 

O 

CL 

0 

■o 


Z £ 


U) 

c 


c 

0 

c 

E 

o 

■D 

s 

0 

0 

E 

o 

o 

_q 

■D 

0 

>* 

o 

Q_ 

0 

Q 


S 

o 

0 

o 

g. 0 

0 £ 

o £ 

0 ^ 
0 o 
'■£ <= 
0 

°- = 

2 co 

Q..2 

0 ^ 

0 g 
2 0 


■O 

0 

>% 

o 

CL 

0 

■o 


_ c 

T3 m 

£ E 

3 0 

cr ~ 

2 o- 

.2 2 

0 o 
0 += 

'■£ 2 
0 

o. .<5 
E ^ 

^ s 

0 — 

0 0 

■ 

3 
0 


0 

E 

E 

o 

o 

-Q 


0 

O "O 
is 0) 

.2 *0 

tr 

0 0 

C </) 
0 

col. 
o 3 2 

8 s 8 

0 


0> 

c 


£ a 

o 2 


l l 


0 

0 t 

0 

1 


CL 

0 


LO 

05 


CO 

CO 


CO 

LU 

O 


- Products of inertia to ensure cone angle requirement for deployed 
spacecraft is satisfied 

Similar accounting performed successfully on GGS 



Vector Burn Sensitivity Issues 
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— Axial AV produced by continuously firing base-panel axial thrusters 
Examined each error source independently 



Vector Burn Sensitivities 
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Attitude Determination 
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The attitude determination approach appears feasible, but issues remain to 
be addressed 



Attitude Sensing Issues 
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Summary of Subsystem 
Recommendations 
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require Doom nex trequencies to be greater than 1 .5 times spin frequency 

Require CM, tangential thrusters, and propellant tanks to be in the same plane to 
minimize precession and propellant migration between tanks 
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Software Key Requirements (cont.) 
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RTworks Displays Feature CAD 
Imported Animated Drawings 



Page 10 
BJ 9/6/95 




RTworks Expert System Features 
Mode Sensitive Displays 
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LUNAR PROSPECTOR INTEGRATION AND TEST PLAN 
1-0 Purpose 


The purpose of this plan is to delineate the integration and test planning 
activities required to support Phase C/D of the Lunar Prospector (LP) 
Spacecraft Integration and Test Program. This plan is submitted in in support 
ot the LP Phase B Assembly, Integration, Test, and Checkout detailed plan 
development. 

2.0 Scope 

This plan defines the LP component and spacecraft qualification and 
acceptance test programs as well, as the spacecraft structural test qualification 
program. This plan also addresses end-to-end compatibility tests using the LP 
operational system. All communication to the spacecraft in the end to end tests 
will go through the LP Operations Control Center, which controls the in-flight 
LP spacecraft and receives its telemetry. This document also discusses 
planning for subsystem and flight system hardware/software test beds 
mechanical and electrical special test equipment (MSTE and ESTE), and launch 

site support activities. 

3.0 LP Test Program 

3.1 Test Program Approach 

The Integration and Test approach used throughout this document is based on 
requirements of the Lunar Prospector Mission, NASA Discovery-Class Mission 
Guidelines, and Lockheed Martin Space Systems Division baseline test program 
guidelines. The LP test program/approach is summarized by the following: 

Component Test Test program based upon NASA/LMSC requirements/ 
Program guidelines. Objective is to provide qualified/tested hard- 

ware for the spacecraft. Development testing is 
performed as required. 


Subsystem/EM 
Test Program 


B readboard 

Test 

Lab 


Protoflt 

Spacecraft 

Test 

Program 


Provides additional confidence that bus subsystems/ 
equipment modules (EM's) are ready to support 
integrated spacecraft tests. 

Test bed for Command and Data Handling breadboard 
hardware and interface checks to instruments. Used for 
flight and test software development, ground control and 
orbit maneuver testing. Availiable to check out LP 

procedures prior to use on the spacecraft. 

Spacecraft used for all-up systems level flight hardware 
and on-board software qualification and environmental 
response model validations. Protoflight qualification 
environmental test levels and duration's are specified. 


LMMS Proprietary Data 
- I - 



LMMS Proprietary Data 


P X X X X X X 

July 06, 1995 


Spacecraft 
Acceptance 
Test Program 


Balance of the spacecraft in the LP test program undergo 
complete functional and limited performance 
verifications. Selected environmental testing is imposed 
at acceptance test levels. Environmental testing is 
imposed to uncover latent design and workmanship 
problems. 


End-To-End 

Tests 


LP Operations Center compatibility. Mission Simulation, 
and Ground Segment End to End tests are part of the test 
program to assure Ground Segment readiness to support 
LP spacecraft. Tests are part of both the Protoflight and 
Acceptance Test Programs. 


3.2 Test Program Summary 


Table 3.2-1 is a overview of the LP test program from component to spacecraft. 
It summaries the various tests planned for the (1) spacecraft bus component 

teS t P. r ° gram ’ (2) s P acecraft bus subsystem test program, (3) spacecraft 
protofl.ght test program, and (4) spacecraft acceptance test program Table 

_-2 summarizes the plan for satisfying the spacecraft/ground segment end to 
end tests . 


3.3 Spacecraft Terminology 


I h * L h s P acecraft consists of a spacecraft bus with scientific instruments on 
three booms. The spacecraft bus" consists of a bus structure. Mechanisms, 
Electrical Power subsystem, Communications, Command and Data Handling 
Propulsion, Thermal Control Subsystem, and Science Instruments booms. 


Figures 3.3-1 is a illustration of the LP spacecraft 
block diagram of the spacecraft. 


Figure 3.3-2 is a functional 
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LP Test & Verification Program 
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LP Bus Assembly Sequence 
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SUMMARY: 
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1.0 


INTRODUCTION 


W l0 k a d a,,lan a rdd 'th^tesUTC^tio^cIm^ges^heTp T^st^Syste7 Concept 

S3) o?SSs? KS T$ZV S °Tk d f Wi " 1)6 eva " Ja< ® 1 either i" near real took 

i ini!,fL^° S Vo S ^ t (off J ,ne ). The test system will be the workstation based OASIS svstem develoDed bv tho 
University of Colorado and will maximize the use of commercial off-the-shelf fCOT 4 ^ hardware ann ^ i 

arcssc^i (,) Tes * cdd,roi 

2.0 TEST CONTROL CENTER 

2.1 Requirement 

A test system shall be provided to validate the LP spacecraft during factory and launch site testing, 
and S^dESft L? ££25? ** < STE » — ' ^PPOd .he exchange o, command 

Cent?r St SySt8m Sha " SUPPOrt end ' t0 ' end testin 9 throu 9h the Lunar Prospector Operations and Control 
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Electromagnetic Technology Center 
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Launch Vehicle Issues 
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Launch Vehicle Adapter and 
Separation System Requirements 
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Launch Vehicle Adapter 
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LP/TLI Separation System 
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Separation Nut Operation 
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Spin Rocket Performance 
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Spin Rocket Configuration 
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Manufacturing/Subcontracts 
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Test Program/Verification 



Page 40 
RJL 9/6/95 




in c 

O) ^ 


>» o 

-Q = 
TJ o 

"S c 

O 2 

•Q g 
o ^ 

■a £ 

© o 

0 is 

c q 
w 3 

q ^ 
-* 0 
o c 
o o 

DC *■» 
o 

C =3 

o.*a 

W 2 


Page 41 
RJL 9/6/95 





<b 

o> 

a 

CO 



CM £ 
Tf 05 

CO 
<D Oi 
O) —I 
03 “5 

CL CC 












Ground System 



Page 1 

Tim Bridges 9/6/95 


Tracking Requirements 
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At least 70 % (90 % goal) over the 1-yr. Nominal Mission, spread evenly 
relative to the lunar track (full lunar coverage) 

At least 8 hr. per day with full command and control capability 


Tracking Requirements - cont’d 
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Ground Communications 
Requirements 
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Mission Control Center (MCC) 
Requirements - cont’d 
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Navigation & Mission Analysis 
Requirements 
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TRACKING NETWORK GROUND SYSTEM 



Mission Control Center 
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Pioneer Project 

Same approach to common l&T and Mission Control equipment as 
used on Gravity Probe B 
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successfully in the tracking, data acquisition, and command for the 
Pioneer Venus Multiprobe and Orbiter Missions; Also received 
numerous Group Achievement Awards and SSPs. 
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SAFETY PLAN 
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SAFETY SCHEDULE 
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Safety Review Process 
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Lunar Prospector represents the type of resource-leveraging that 
NASA must perform in an era of constrained budgets. 
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ic awareness activities will continue to expand 
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Lockheed Fund for Innovation 

Lockheed Industry Initiatives for Science and Math Education 
Berkeley and Oakland High School Summer Program 
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Small Disadvantage Business 
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Risk management (cont’d.) 
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Cost Proposal (8/1/95) 
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Cost Proposal Reduction (cont’d) 
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Program Cost Summary 
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Program Cost - Science 
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Labor (Cont’d) 
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Program Cost - Subcontracts 
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Program Cost - Material 
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Program Cost - IWT 
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Program Costs - Support 
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Low Cost Program 
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